Clinopyroxene-garnet scheelite skarn containing accessory niobian titanite, native bismuth and Bi-tellurides of the Bi 2 X and Bi 5 X 3 series, together with Fe-and Fe-As sulphides, is associated with the contact of chondrodite marble with melanocratic granite-quartz syenite (durbachite). Hedenbergite-rich vein in this marble can be considered as an additional type of skarn. The presence of accessory niobian titanite is typical, in particular, of the veins. In addition to increased Nb contents (≤ 10.6 ) with R 4+ accompanied by low contents of Na in titanite correspond to the substitutions Al(OH,F)(TiO) -1 and Al(Nb,Ta)Ti -2 . Niobian titanite has anomalous composition if compared to skarn mineral assemblages worldwide. The Bi-(sulpho-) telluride with empiric formula Bi 1.98 (Te 0.66 S 0.34 Se 0.02 ) Σ1.02 is a member of the Bi 2 X series, whose members were described from numerous localities as unnamed minerals. In contrast to the published data this phase contains increased sulphur contents up to 0.33 apfu. The second Bi-(sulpho-) telluride with empiric formula (Bi 4.51 Fe 0.40 Cd 0.03 Pb 0.02 Sb 0.01 As 0.01 ) Σ4.98 (Te 1.58 S 1.36 Se 0.08 ) Σ3.02 is probably a S-rich member of the Bi 5 X 3 series. In the evolution of the skarn it is possible to distinguish stage I responsible for the formation of the older Mg-and younger Ca-skarns, and stage II, characterised by increased Fe contents. The scheelite-sulphide mineralization was formed during a third (retrogression) stage followed by brittle deformation. Emplacement of siderite ± quartz veins represents the fourth (terminal) stage of mineralization.
Introduction
Titanite CaTiOSiO 4 , including varieties rich in (Al, OH, F) components, is a typical and common mineral in calc-silicate rocks of various genetic types. In contrast, Nb-rich titanite (> 0.5 wt. % Nb 2 O 5 ) is rather rare, being restricted mainly to peralkaline rocks and pegmatites. Its occurrence in calc-silicate rocks -including skarns -is exceptional. The Bi-tellurides on the other hand can be typical accessory minerals in skarns but so far they were considered very scarce in skarns of the Bohemian Massif.
Within the Bohemian Massif, skarns of variable genetic types and various mineral assemblages represent characteristic rock type especially in the Moldanubian Zone. Besides the regionally metamorphosed skarns (e. g. Němec 1991; Pertold et al. 1997) , there are also smaller bodies of contact skarns restricted to contacts of marbles with silicate rocks (Suk 1974; Fišera et al. 1986; Houzar 1998; Drahota et al. 2005) . Unusual mineralizations with niobian titanite and Bi-tellurides were recently discovered in a skarn developed at the contact between chondrodite marble and potassic melanocratic granite to quartz syenite (durbachite) at the Kamenné doly quarry near Písek. This unusual assemblage is in focus of the current contribution.
Geological setting
The Písek area belongs to the Moldanubian Zone, the presumed high-grade root of the Variscan orogen in Bohemian Massif (Dallmeyer et al. 1995) . It features leucocratic migmatites and orthogneisses, together with minor granulite occurrences accompanied by ultramafic rocks, representing the Podolsko Complex. In addition there are minor domains of graphite quartzite and marble enclosed in biotite gneiss belonging most likely to the Varied Unit (Fig. 1) . The metamorphic complex was intruded by granitoid plutons, including amphibole-biotite granodiorite (Červená type), by ultrapotassic porphyritic amphibolebiotite melagranite to quartz syenite (durbachite), and 
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Praha Písek small dykes of tourmaline granite, aplite and pegmatite (Fišera et al. 1978) . Marbles in the Písek area occur as numerous small intercalations in migmatites and biotite gneiss, often cross-cut by pegmatite dykes. The marbles are dominantly calcic but the mineral assemblage Phl + Chl + Spl + Chn ± Fo ± Chu ±Tr ± Di indicates a former presence of a dolomite admixture. Contact skarns associated with marbles commonly contain wollastonite, diopside and grossular, or rare vesuvianite, scheelite and exceptional axinite (Kratochvíl 1962; Fišera et al. 1986 ).
The quarry Kamenné doly, located at the NE outskirts of the town of Písek, next to the main road from Písek to Tábor, exposes mainly leucocratic migmatite and numerous intrusive bodies of durbachite, tens of metres in size. Both rock types enclose layers and xenoliths of marbles and calc-silicate rocks. Calcic marbles are often coarse-grained, with white or pale blue calcite, minor phlogopite and diopside. Another type of calcic marble is greyish white, with abundant Mg-silicates, mainly phlogopite and chondrodite. Diopside and diopside-wollastonite reaction zones occur at the contact of marbles with migmatite. Smaller enclaves (< 20 cm) of marble in nebulitic migmatites or granitoids are locally replaced by wollastonite + diopside assemblage. Small layers of calc-silicate gneiss, dominated by pyroxene with a lesser percentage of garnet, vesuvianite and scheelite also do occur. For example Morávek (1992) reported a 2 m thick layer of calc-silicate gneiss with pyrite, quartz and scheelite impregnation, containing 0.9 wt. % W and 0.10 -0.76 g/t Au. Dyke rocks are represented by leucogranites, simple tourmaline pegmatites with exceptional transition to complex, elbaite-bearing pegmatite of the LCT type. Quartz veins contain tourmaline and arsenopyrite (Cícha 2003) .
Analytical methods
Chemical composition of minerals was studied by electron microprobe Cameca SX-100 (Laboratory of Electron Microscopy and Microanalysis, the joint facility of the Masaryk University and Czech Geological Survey in Brno; operator R. Škoda). The accelerating voltage was 15 kV, beam diameter 5-10 µm, beam current 10-20 nA and counting times 20 s. Following standards and Kα lines were used: for niobian titanite: titanite (Si, Ca, Ti), zircon (Zr), metallic Sn (Sn), sanidine (Al), YGI (Y), ScP 5 O 14 (Sc), andradite (Fe), rhodonite (Mn), olivine (Mg), columbite from Ivigtut (Nb), CrTa 2 O 6 (Ta), chromite (Cr), metallic V (V), albite (Na) and topaz (F); standards for other silicates: sanidine (K, Si, Al), benitoite (Ba), hornblende (Ti), Rb-leucite (Rb), gahnite (Zn), metallic Ni (Ni), fluorapatite (P) and vanadinite (Cl).
Quantitative chemical analyses of sulphides and tellurides were obtained with the same analyser at accelerating voltage 25 kV, beam current 20 nA and beam diameter 0.7-1 μm. The following standards were used: Ag (AgLα), PbS (PbMα), CuFeS 2 (CuKα), FeS 2 (FeKα, SKα), CdTe (CdLβ), Sb 2 S 3 (SbLβ), Bi (BiLα), Bi 2 Te 3 (TeLβ), Au (Au Mα), HgTe (HgMα), pararammelsbergite (NiKα, AsLβ), Mn (MnKα), Co (CoKα), InAs (InLα), PbSe (SeLβ), ZnS (ZnKα).
skarn studied
Raw data were converted to concentrations using the PAP correction (Pouchou and Pichoir 1985) . Ratio MTi/Si (MTi = Mg + Fe + Mn + Ti + Ca), was used for identification of chondrodite (after Gaspar 1992). Value of X F is defined as a 100F/(F + OH) ratio.
Description of the marble and skarn
The studied skarn body was exposed in the quarry owned by the company Kámen a písek, Ltd., Český Krumlov. It was found in the upper part of the quarry face at the 2 nd level in 1999 (Fig. 2) ; the last part of the skarn vanished in 2007. The skarn formed a zoned, irregular body several metres across, with relics of chondrodite marble in the central part. It was located at the contact of fine-grained nebulitic migmatite with porphyritic amphibole-biotite durbachite, both penetrated by a dyke of biotite leucogranite with nodular tourmaline (Fig. 3) . Five paragenetic units (zones) were distinguished in the skarn. Mineral assemblages of marble and skarn are listed in Table 1 .
Chondrodite marble
The main marble body, c. 1.5 × 1.5 m in size, was enclosed in skarn and represents a relic of the originally much larger marble lens. It was cut by thin veins of hedenbergite described below. Greyish white, coarsegrained marble contains grains of yellow chondrodite Skarn of the Unit I forms a discontinuous rim around the marble body. It is predominantly composed of diopside, less abundant garnet and minor quartz. Wollastonite and vesuvianite occur locally along the contact. The unit is usually 2 cm wide but locally it swells to 10-20 cm. Several associations were observed: Di + Wo, Di + Grs, Di + Ves, Grs + Ves.
The garnet is orange-red, its composition corresponds to 71-80 % Grs, 12-17 % Adr, 4-8 % Alm, 1.5-3.3 % Sps and ~ 1 % Prp. Low contents of Ti (≤ 0.014 apfu), P (~0.002 apfu), and F (≤ 0.029-0.071 apfu) are characteristic. The garnet grains show a weak zoning with Fe-rich core and a rimward increase in the grossular component. Garnet composition is typical of scheelite-bearing, reduced Ca-skarns (e.g. Shimazaki 1977; Meinert 1992).
Vesuvianite forms brown grains, shortly prismatic crystals up to 3 mm and small aggregates with garnet, calcite and sericitised K-feldspar. Its composition is characterized by prevalence of iron over magnesium, slightly increased contents of F (≤ 2.679 apfu; X F = 25-27), low, but locally elevated Ti (≤ 1.187 apfu), low Mn (≤ 0.07 apfu) and Na (≤ 0.06 apfu; Table 3 ). Thus it resembles vesuvianite in other Ca-skarns (Groat et al. 1997) . Diopside (0.313-0.345 apfu Fe; 0.013-0.014 apfu Mn and 0.004-0.008 apfu Na) has slightly increased content of Al (0.096-0.119 apfu). Vesuvianite is accompanied by brown anhedral titanite, locally niobium-bearing, up to 0.5 mm in size.
Unit II: Clinopyroxene-quartz skarn
The Unit II forms greyish green continuous zone with a variable width (≤ 2.5 m), at the contacts of both chondrodite marble and skarn Unit I with migmatite and durbachite. With increasing content of sulphides and amphiboles this skarn type passes gradually into Unit IV. Fine-grained, greyish green clinopyroxene (≤ 0.502 apfu Fe; ≤ 0.022 apfu Mn) skarn rich in quartz contains disseminated sulphides and scheelite. Apatite, titanite and rare allanite are accessoric. Locally occur narrow zones of phlogopite along the contact of the Unit II with marble containing pseudomorphs of serpentine after chondrodite.
Unit III: Nearly monomineralic clinopyroxene skarn
Medium-grained, dark green skarn of the Unit III forms isolated enclaves in the Unit II. The contact of both units 
Unit V: Sulphide-scheelite mineralized skarn
This unit represents a subtype, which differs from the Unit IV especially by the predominance of sulphides and scheelite over silicates. Pyrite and pyrrhotite are the most abundant sulphides, locally forming aggregates up to several tens of kg. Pyrite forms characteristic granular aggregates with numerous voids. These are coated by fine-grained pyrite crystals associated with abundant acicular aggregates of amphibole. Arsenopyrite in crystals up to 1 cm across is less abundant. Scheelite, belonging to early mineral components, forms aggregates or disseminations of subhedral to euhedral crystals, rarely exceeding 5 mm. It is commonly associated with fluorapatite. Scheelite crystals in sulphide matrix (Fig. 4) are white, grey white or grey yellow, in part fractured and corroded. They are surrounded by compact, cataclastic pyrite carrying relics of pyrrhotite (Fig. 5) . The original crystals of pyrrhotite were extensively replaced by pyrite, with replacement starting from grain boundaries and along cleavage planes, resulting in relict zoned structures of the "birds-eye type". Pyrrhotite commonly encloses subhedral fluorapatite and it is locally replaced by minute lobate chalcopyrite. In course of replacement of older silicates by pyrite-pyrrhotite aggregates, abundant prisms of amphibole and brown grossular-rich garnet were enclosed in sulphides. Arsenopyrite forms subhedral grains in the sulphide-scheelite aggregates. In addition to chalcopyrite, arsenopyrite contains microscopic inclusions and irregular aggregates of Bi-minerals, distributed along microfractures. The compact scheelite-sulphide aggregates show abundant effects of brittle deformation. The fractures were filled by dark brown cavernous siderite + quartz veinlets, up to several cm wide, coated by siderite crystals in small voids. The veinlets sometimes contain rare chalcopyrite.
Chemical composition of homogeneous pyrite, arsenopyrite and chalcopyrite from various assemblages is very close to ideal formulae (Table 4) . Among minor elements only Ag contents reach 0.001 apfu in rare cases. Iron contents in pyrrhotite, after recalculation to 1 S apfu, correspond to 0.852-0.864 apfu. Given the empiric formula of pyrrhotite Fe 1-x S, this corresponds to x = 0.14-0.15. These values fall in the range for natural pyrrhotites, for which x = 0.00-0.17 was reported (Anthony et al. 1990 ). Chemical composition of scheelite (Table 5) corresponds to the ideal end-member CaWO 4 , which is in agreement with the observed light blue fluorescence under shortwave ultraviolet radiation (e.g. Sato 1982) (Fig. 6) . The content of powellite component (WMo -1 isomorphism) and of minor elements (Fe, Mn, Nb, Ti, Al, Sc, Y, REE and Hf) and Mn, up to 0.01 apfu. The lower content of P and low sum of oxides (Table 5) suggest the presence of a minor (CO 3 ) 2-group or other unanalyzed elements (e.g. As, S or V) in the fluorapatite crystal structure.
Hedenbergite vein skarn with niobian titanite
Discordant and conformable veins of hedenbergite skarn in chondrodite marble are considered as an independent skarn type. The small veins only 3 cm wide are heterogranular, composed dominantly of hedenbergite (0.539-0.808 apfu Fe) with a diminutive proportion of the johansenite component (0.033-0.050 apfu Mn), low Al (0.009-0.024 apfu), Na (0.002-0.006 apfu) and Zn (0.002-0.007 apfu). Individual grains show a weak compositional zoning with more magnesian cores (0.539-0.651 apfu Fe; Table 6 ). Anorthite replaced by prehnite, calcite, minor K-feldspar, obviously younger actinolitic amphibole and quartz with Fe-chlorite is uncommon. Accessory minerals include epidote, pyrrhotite, pyrite, apatite, scheelite, niobian titanite, arsenopyrite and grains of native Bi up to 20 μm. Some of the skarn veins exhibit weak symmetrical zoning. A central fuzzy zone, less than 3 mm wide, contains scheelite predominating over silicates and sulphides. Altered anorthite, quartz and sulphides occur near the Basis: basis for calculation of empirical formulae; *: pyrrhotite was calculated on the basis of 1 S apfu. 
. Massive skarn (Unit I)
Rare anhedral grains of titanite with variable Nb contents are present in vesuvianite of the skarn Unit I (Fig. 7) . Titanite has a complicated zoning with elevated content of Al (0.084-0.169 apfu) and variable but slightly increased contents of Nb (0. In contrast to the titanite from massive skarn, the titanite from vein skarn is poor in Zr (0.000-0.002 apfu). Contents of Na, Mg and Mn are below detection limits (Table 7) . Individual grains show an irregular patchy zoning with Nb and Fe decreasing toward margins, where the composition is more homogeneous and closer to the ideal titanite endmember (Figs 8 and 9 ).
Native bismuth and Bi-tellurides
Besides traces of microscopic native bismuth in marble near skarn veins, the Unit V contains microscopic inclusions and irregular aggregates of Bi-minerals, distributed along microfractures in chalcopyrite and arsenopyrite in massive skarn. Native bismuth containing up to 0.07 apfu Fe and 0.03 apfu Sb (Table 8) forms metasomatic aggregates (up to 0.12 × 0.015-0.030 mm) with good cleavage. Very rare Bi-(sulpho-) tellurides were found as irregular aggregates up to 1-5 μm in size in microfractures of arsenopyrite grains. At the studied locality, two members of this system were identified. The first Bi-(sulpho-) telluride with empiric formula Bi 
Nb-Ttn
Hd a member of the Bi 2 X series (Cook et al. 2007 An exceptional example is niobian titanite from garnet-pyroxene-scapolite (± quartz, calcite) rock from the Gebel Umm Shagir complex, Egypt, where a complex of migmatites encloses layers of calc-silicate rocks, marbles and amphibolites (Bernau and Franz 1987) . Titanite contains up to 11 wt. % Nb 2 O 5 , 6 wt. % Al 2 O 3 , 2 wt. % V 2 O 3 , and traces of Ta, Sn and F. Characteristic is a complex zoning, with Nb decreasing from core to margin of crystals, less than 1 mm long. It is enclosed in garnet (Grs 62-74 , Adr 18-30 ), clinopyroxene (Hd 40 ) and scapolite (meionite [85] [86] [87] [88] ). The Nb-titanite contains rare inclusions of zircon and Nb-Fe oxide mineral of wodginite-ixiolite type. The rock is interpreted as a product of high-grade metamorphism of a marly limestone protolith. Niobium was presumably present in rare accessory minerals. During the first stage of metamorphism, wodginite-ixiolite was formed and preserved as relics in the core of titanite crystals. Niobian titanite is considered to be a prograde phase (granulite-facies), whereas retrograde metamorphism (amphibolite-facies) could have led to crystallisation of crystal rims with lower Nb content and elevated (Al+OH, F) components. Bernau and Franz (1987) suggested that the presence of niobian titanite reflects an unusual protolith composition, rather than unusual P-T conditions of crystallisation. Regardless of the different geological position, the mineral assemblage and compositional zoning of niobian titanite from Egypt are similar to the situation at the studied locality. However, no additional record of niobian titanite (with Nb 2 O 5 > 0.5 wt. %) in skarnoid rocks has been found in the literature.
Negative correlations of Al+F with R 4+ and Al+(Nb 5+ , Ta 5+ ) with R 4+ (Fig. 10 ) as well as low contents of Na in titanite and niobian titanite correspond to the substitutions Al(OH,F)(TiO) -1 and (Nb,Ta)AlTi -2 . The first one is dominant in ordinary Nb-poor titanite from skarn Unit I (see also Table 7 ) and incorporation of Al into titanite depends mainly on composition of the mineral assemblage. The role of P-T conditions, on the other hand, is of a lesser importance. It is favourably affected by an increased activity of F and H 2 O (e. g. Novák et al. 1990; Sengupta et al. 2004; Harlov et al. 2006) . The second substitution is dominant in niobian titanite from the vein skarn in the marble. According to Černý et al. (1995) it represents the most important mechanism for Nb 5+ or Ta   5+ incorporation into titanite structure. The PTX conditions for entry of Nb into titanite lattice remain unconstrained. Niobian titanite has probably an extensive stability field from granulite-and amphibolite-facies (Bernau and Franz 1987) up to conditions of low-temperature "hydrothermal" stage in pegmatites (Černý et al. 1995; Szeleg 2003) . Experimental synthesis of niobian titanite at ambient pressure yielded Nb contents up to 0.25 apfu in case of Al-Nb titanite and up to 0.22 apfu in Na-Nb titanite. Experimental data suggest that the existence of a titanite with more than 50 mol. % of the NaNbOSiO 4 end-member is unlikely (Liferovich and Mitchell 2006).
Niobium in calc-silicate rocks and metacarbonates
Only little information is available on abundance of Nb in both calc-silicate rocks (skarns) and metacarbonates. Newberry (1998) et al. 2006) . Exceptionally high content of 393 ppm Nb has been determined in marble with carbonatitelike compositional tendencies at Muckov and Bližná in southern Bohemia (Drábek et al. 1999) . To some extent similar metacarbonates from western Moravia (Houzar and Novák 2002) contain 8-21 ppm Nb. However, Nb content in titanite from these marbles is unknown. In both cases increased Mo content has been found (Šarbach et al. 1985; Drábek et al. 1999; Houzar 2004 Basis: basis for calculation of empirical formulae
In Kamenné Doly, titanite in massive Grs-Hd skarn replacing marble (Unit I) contains relatively low Nb (≤ 1.9 wt. % Nb 2 O 5 ), whereas Nb-rich titanite (1.11-10.56 wt. % Nb 2 O 5 , average 6.31 wt. % Nb 2 O 5 ) is present in vein skarn relatively rich in Fe. The source of Nb in this case was most probably not in the marble. Niobium seems to have been introduced to the system by Fe-and Si-rich skarn fluids, which interacted with the magmatic rocks in proximity of the marble-skarn enclave.
Sulphide -scheelite -Bi-Te mineralization
Of particular interest is the composition of Bi tellurides, belonging to Bi-rich members of the system Bi-Te-(SSe) (Fig. 11) . Similar Bi-rich members, close to hedleyite Bi 8 Te 3 , occur as a part of an assemblage with native bismuth and sulphides in marbles at Nedvědice, Svratka Crystalline Complex, Moldanubian Zone (Houzar et al. 2006 ). The first Bi-(sulpho) telluride with empiric formula Bi 1.98 (Te 0.66 S 0.34 Se 0.02 ) Σ1.02 belongs to the Bi 2 X series, whose members were described from numerous localities as unnamed minerals (Cook et al. 2007) . In contrast to the published data (Gu et al. 2001; Cook et al. 2007 ) this phase contains increased content of S in the anion group, up to 0.33 apfu (Fig. 12) is probably a S-rich member of the Bi 5 X 3 series defined by Gu et al. (2001) . Recently published data corresponding to stoichiometry Bi:X = 5:3 are commonly designated using incorrect mineral names pilsenite, Bi-pilsenite or Se-rich joseite B (Dimitrova and Kerestedjian 2006; Gu et al. 2001) . Both Bi-tellurides -Bi 2 Te and Bi 5 Te 3 -have been also found in Au-bearing mineral assemblages at the Kašperské Hory and Petráčkova hora deposits (Litochleb and Šrein 1994) . Scheelite is abundant in Units IV and V, to a lesser extent in other skarn units. It is always associated with sulphides. In some cases scheelite forms 30-50 vol. % of the assemblage, mainly in domains of fine-grained pyrite or in phlogopite-rich skarn (pyrite, phlogopite, scheelite, quartz) in Unit IV. Scheelite is intergrown with actinolite, phlogopite, quartz and sulphides.
Textures and structures of strongly mineralized skarns (scheelite-sulphide) indicate recurrent deformation (cataclastic, brittle deformation) and mineralization. The ore assemblages are characterised by the association of scheelite with sulphides, intense replacement of pyrrhotite by pyrite (but preserving the relict structures) and formation of arsenopyrite metacrysts. Worth nothing is also the presence of Bi-minerals inclusions and the youngest siderite veinlets with drusy cavities, which cut the mineralized skarn as a product of the latest hydrothermal phase.
Skarn origin
Mineral composition, evolution of mineral assemblages, geological position and zoning of the studied skarn indicate fluid-induced reactions at the contact of durbachite with marble. The process seems to have taken place in several stages.
(1) At the first, prograde stage, formed magnesiumrich minerals of the marble and skarn under conditions of a high activity of Mg, Al and F and a rather low activity of Fe and S. This is indicated by an increased content of Al-and Mg-component in cores of clinopyroxene, by presence of phlogopite in skarn unit II as well as chondrodite, spinel and fluorine-rich phlogopite in marble. The mineral assemblage in marble suggests introduction of Si and most of F from an external source, as indicated by the substantial amount of chondrodite (up to 30 vol. %).
(2) Activity of Ca and Fe significantly increased during the second prograde stage. In all skarn units, particularly in the Unit III, hedenbergite grew at reducing conditions, as magnetite is absent. Unit II, which builds much of the skarn body, was formed, together with the Unit I characterised by wollastonite, vesuvianite and garnet with somewhat increased content of pyralspite end-members. Development of hedenbergite veins in marble, containing niobian titanite, and possibly accessory Bi and Bi-Te minerals, most probably took place at this stage as well. Lastly, the bulk of scheelite mineralization was formed (fine-grained scheelite in association with hedenbergite and pyrrhotite).
(3) The main mass of pyrrhotite, pyrite, arsenopyrite and coarse-grained scheelite originated in the third stage of retrograde character. It was associated with a crystallization of Fe-amphibole at reducing conditions and high activity of Fe and S and with an intense brittle deformation of skarn in final stage. (4) The fourth, low-temperature post-skarn stage coincided with fracture filling by siderite and/or quartz veins.
Such a development corresponds to published models of multistage skarn evolution, from an early high-temperature stage of Mg-skarn, through the main stage of Ca-skarn to post-skarnization processes (e.g. Zharikov 1970; Shabynin 1973; Einaudi et al. 1981 , Aleksandrov 1998 Meinert 1992) .
Conclusions
Skarn at Kamenné doly near Písek containing accessory niobian titanite, Bi-(sulpho) tellurides, scheelite with Fe-and Fe-As sulphides is associated with the contact of chondrodite marble with melanocratic granite to quartz syenite (durbachite). Massive sulphide-scheelite-rich calcic skarn consists of several units (Units I-V), which were formed during several stages of reactions between marble and infiltrating Fe, Si-rich fluids derived from adjacent plutonic rocks (durbachite). Several stages of brittle deformation, which took place during skarn evolution, enhanced the migration of fluids significantly.
Pyrrhotite, pyrite and arsenopyrite locally accumulate in the predominant clinopyroxene and amphibole skarn. Scheelite mineralization corresponds to the type of reduced skarn with hedenbergite, andradite-grossular, pyrrhotite and Mo-free scheelite (Einaudi et al. 1981; Meinert 1992) . Among accessory opaque minerals is worth noting the presence of native Bi and Bi-tellurides of the Bi 2 X a Bi 5 X 3 series.
Hedenbergite vein in marble can be considered as an independent skarn type, characterised by the presence of accessory niobian titanite. Niobian titanite contains elevated contents of Nb (up to 0.164 apfu) as well as Ta (≤ 0.038 apfu), Al, Fe, Sn, Zr and F. The Kamenné doly locality is one of few so far published occurrences of niobian titanite in calc-silicate rocks worldwide. Possibly, niobian titanite may be a not-so-rare accessory in calcsilicate rocks, mainly those of the W-and Sn-subtype of skarns. Thus, determination of Nb in titanite from these mineral assemblages is strongly recommended.
